In this paper the effect of delamination position on the critical buckling load and buckling mode of hybrid composite beams is investigated. Experimental and numerical studies are carried out to determine the buckling load of delaminated composite beams. The laminated composite beams with various laminate designs of [G 90 ] 6 , [C 90 ] 8 , [C 0 /G 0 ] 4 and [C 90 /G 90 ] 4 were manufactured and tested to find the critical buckling load. Three different defect positions were placed through the thickness to find three main buckling modes. It was found that delamination position and lay-up can affect the buckling mode and also the critical buckling load. By approaching the delamination position to the outer surface of the specimen the buckling load decreases. The buckling process of hybrid and non-hybrid composite beams was also simulated by finite element software ANSYS and the critical buckling loads were verified with the relevant experimental results.
Introduction
Fibre-reinforced polymer (FRP) composite materials are widely used because of their high strengthto-weight and stiffness-to-weight ratios as compared with many traditional materials [1, 2] . Delamination is one of the most serious failure modes in laminated composite materials. It can occur in several ways during manufacturing process, maintenance and impacts of foreign objects [2, 3] . Laminated composite materials containing one or more delamination can buckle at a lower level of compressive load than laminated composites without delamination, and this level depends on the size, position and shape of the delamination [4] .
Buckling and postbuckling behaviour in delaminated composite structures have been studied to investigate the buckling resistance loads [5, 6, 7, 8, 9] . Most of these previous works are about buckling response of non-hybrid laminated composite structures. Hybrid laminated composites are an effective method to improve the mechanical properties of laminated composite structures under various loading conditions. In the present study, the effect of delamination position on the critical buckling load of non-hybrid and hybrid composite laminates of CFRP and GFRP with single delamination position is studied. 4 were chosen to compare the buckling resistance of hybrid and non-hybrid composite beams. The delaminated composite beams were manufactured and tested to find the critical buckling load. The buckling behaviour of hybrid and non-hybrid composite beams was also simulated using ANSYS software to compare numerical and experimental buckling modes and the numerical critical buckling loads were verified with relevant experimental results.
Experimental details

Manufacturing
The delaminated composite beams of [G 90 ] 6 , [C 90 ] 8 , [C 0 /G 0 ] 4 and [C 90 /G 90 ] 4 were manufactured from the unidirectional GFRP and CFRP composites. The thickness of all laminated beams was 2 mm. Three defect positions of H/t = 0.5, 0.25 and 0.125 were chosen and Teflon film of 13 µm was placed at these particular positions to model the delaminated composite beams. The geometry of a composite beam with a single delamination is shown in Fig. 1 . 
Mechanical properties
The mechanical characteristics of carbon/epoxy and glass/epoxy were obtained in accordance with the relevant standards [10] [11] [12] [13] . These tests were tensile, shear, fibre volume fraction and coefficient of friction. All specimens were manufactured from carbon fibre reinforced plastic (CFRP) and glass fibre reinforced plastic (GFRP) materials of density 1.8 g/cm 3 and 1.6 g/cm 3 with epoxy resin. A summary of the findings for tensile, shear and fibre volume fraction are summarised in Table 1 . Table 1 . Material properties of the unidirectional CFRP and GFRP composites. 
Buckling test
Each specimen was tested at the rate of 0.2mm/min using a Universal Testing Machine with 50 kN load cell. For each test configuration three specimens were tested. The force-displacement diagrams were recorded automatically for each test (see Fig. 2 ). 
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umerical study
In the present work, Eigen-buckling analysis was performed to simulate the buckling behaviour of delaminated composite beams. The element type of SOLID46 layered element with six degree of freedom was chosen to create mesh for laminated composite beam. To simulate the boundary conditions all degrees of freedom at one end of composite beam were set equal to zero. The delaminated composite beam was designed with 6 volumes to model the single delamination (see Fig. 4 ). To simulate the delamination area at the first interface, top and bottom area of volumes were not glued in the interfacial areas. Thus, double nodes occur at the same coordinates of the interfacial areas. During the buckling simulation the double nodes separate from one another. In this case, other areas which were not glued represent delamination in the laminated composite beam. 
Results and discussion
The experimental and numerical critical buckling loads of various lay-ups are presented in Figs. 6 and 7. The experimental results are the average of three tests for each specimen. The critical buckling load at different defect positions were compared together and good agreement were found between experimental and FE results. It is noteworthy that this type of simulation is suitable for linear buckling behaviour of composite beam. However in this study post-buckling and delamination failure are not considered. Our results indicate that hybrid composite beams are able to show more resistance against buckling load in comparison with non-hybrid composite beams. By decreasing the H/t ratio the critical buckling resistance load decreases for all non-hybrid and hybrid laminated composite beams. 4 indicates that global buckling mode occurs for the defect position of H/t = 0.5, as well as mixed buckling mode for defect position of H/t = 0.25, and local buckling mode for defect position of H/t = 0.125 (see Fig.  8 ). Figure 8 . Three distinct buckling modes in delaminated composite beams.
